Purpose: Evidence exists for an additional inhibitory accommodative control system mediated by the sympathetic branch of the autonomic nervous system (ANS). This work aims to show the relative prevalence of sympathetic inhibition in young emmetropic and myopic adults, and to evaluate the effect of sympathetic facility on accommodative and oculomotor function.
Introduction
The increase in the worldwide prevalence of myopia (Wang, Klein, Klein, & Moss, 1994) particularly in the Far East (Quek et al., 2004; Wu et al., 2001) , has intensified the debate on the relative importance of the various myopigenic factors. The extensive literature base from research in this area has shown that a number of optical and non-optical factors may contribute to the development of myopia (Gilmartin, 2004) . Work on twins by Hammond, Sneider, Gilbert, and Spector (2001) has demonstrated that the risk of refractive error development is principally governed by hereditary factors ($86%), but with input from environmental factors. Hammond showed the degree of similarity of myopia between siblings was highest in monozygotic twins with equivalent reading habits, and lowest in dizygotic twins with dissimilar reading habits. Further evidence from twins studies has suggested the potential role of the PAX6 gene in the development of myopia in the normal population (Hammond, Andrew, Mak, & Spector, 2004) . Sustained nearwork with cognitive demand has been identified as factor in the development of myopia in youth and adulthood (Hepsen, Evereklioglu, & Bayramlar, 2001; McBrien & Adams, 1997; Saw, 2003) , and in nearwork-induced transient myopia (Wolffsohn, Gilmartin, Thomas, & Mallen, 2003) . Considerable evidence exists to show that groups undertaking near vision intense occupations exhibit higher than average myopia prevalence rates, with adult-onset myopia being particularly apparent (Iribarren, Cerrella, Armesto, Iribarren, & Fornaciari, 2004) . The extent to which environmental factors promote myopia development and modulate myopia progression in young adults still remains unclear (Bullimore, Jones, Moeschberger, Kadnik, & Payor, 2002) .
A clinical feature of the onset and progression of myopia has been accommodative inaccuracy during near vision in children (Gwiazda, Thorn, Bauer, & Held, 1993) . Progressing myopes have been shown to exhibit small but significant lags of accommodation when carrying out near tasks (Abbott, Schmid, & Strang, 1998; McBrien & Millodot, 1986; Rosenfield & Gilmartin, 1988) . It remains unclear whether this accommodative inaccuracy is a precursor to, or a consequence of, myopia development. Portello and co-workers (Portello, Rosenfield, & OÕDwyer, 1997) have shown higher lag of accommodation at near in subjects who later became myopic, and Goss (1991) has shown an increase in accommodative lag prior to the onset of myopia. Mutti and co-workers reported that increased lag of accommodation does not precede the onset of myopia (Muttti, Jones, Mitchell, Moeschberger, & Zadnik, 2003) ; this is supported by Zadnik, Mitchell, Jones, and Hayes (2004) who observed that a differential lag of accommodation between emmetropic and myopia children can only be detected one year after the prescribing of corrective lenses. Further work by Rosenfield, Desai, and Portello (2002) showed reduced accommodative responses and higher lag of accommodation in myopic individuals, but failed to demonstrate greater accommodative error in progressing myopes. In contrast, Schaeffel and coworkers showed similar lags of accommodation to a 30 cm task in emmetropes and myopes (Schaeffel, Weiss, & Seidel, 1999) .
In animal work refractive blur, form deprivation and restricted visual space have been shown to produce myopia in many species (Gilmartin, 2004; Smith, 1998) . Degradation of the visual stimulus by form deprivation has been shown to induce axial length increases in monkeys of equivalent age to human young adults (Smith, 1999) , indicating that the visual environment can influence ocular structural recalibration after the cessation of normal eye growth.
The recent report by Gwiazda et al. (2003) has demonstrated a small ($0.2 D) but statistically significant reduction in myopia progression rate in children fitted with progressive addition spectacle lenses compared with conventional single vision correction. This work suggests that the increase in accuracy of the accommodative response imposed by a near addition during nearwork may help to slow the rate of myopia progression in juvenile onset myopes, presumably by eliminating the blur signal resulting from accommodative lag at near. In adults, transient post-task accommodative effects under closed-loop conditions (i.e. nearwork-induced transient myopia) have been suggested as a possible mechanism for the development of permanent myopia (Ong & Ciuffreda, 1995) . Task duration (Ehrlich, 1987; , dioptric demand (Rosenfield, Ciuffreda, Novogrodsky, & Yu, 1992) and cognitive demand (Wolffsohn et al., 2003) have been shown to be contributory factors in nearwork-induced transient myopia. The above evidence shows that errors within the accommodation response have potential to act as driving forces in the phenomenon of transient myopia and the development of permanent myopia.
Accommodative control in humans is achieved principally by the action of the neurotransmitter acetylecholine on post-synaptic muscarinic (M 3 ) (Woldemussie, Feldmann, & Chen, 1993 ) receptors on ciliary smooth muscle. This system forms part of the parasympathetic branch of the autonomic nervous system (ANS). Evidence exists, however, for the presence of an inhibitory branch of accommodative control driven by the sympathetic branch of the ANS (Gilmartin, 1998; Tö rnqvist, 1966 Tö rnqvist, , 1967 which is mediated principally by the action of the neurotransmitter noradrenaline on b 2 receptors in ciliary smooth muscle (Wax & Molinoff, 1987; Zetterstrom & Hahnenberger, 1988) . In vitro and in vivo work in animal and human studies have revealed the principal features of this system: it is inhibitory; mediated by concurrent parasympathetic activity; of low magnitude (approximately 2 D); slow (maximal effect produced in 20-40 s); access to the system shows inter-subject variability in human subjects (Gilmartin, Mallen, & Wolffsohn, 2002) .
It has been proposed that individuals without access to sympathetic inhibitory facility are more prone to near work-induced positive accommodative adaptation effects than individuals with access to this branch of accommodative control (see Chen, Schmid, & Brown, 2003 , for a review). Two models have been proposed to link sympathetic inhibition of accommodation with myopia onset and progression. The first model is based around a deficient sympathetic input to accommodative control, with normal parasympathetic innervation. Unopposed parasympathetic control has potential to lead to a retention of accommodative tone following sustained near tasks, inducing chronic retinal blur. The second model suggests that both parasympathetic and sympathetic branches of the autonomic nervous system are restricted in a proportion of individuals. Since sympathetic inhibition of accommodation is dependent on active parasympathetic facility, potential exists for both reduced accommodation responses during nearwork, and retention of accommodative tone during post-task distance vision. Experimental evidence has demonstrated both of these phenomena, particularly in progressing myopes (Abbott et al., 1998; Ciuffreda & Lee, 2002) , and in myopes when the accommodative feedback loop is disrupted by dark room conditions. (Hazel, Strang, & Vera-Diaz, 2003) . Both hypotheses effectively produce a similar outcome, i.e. retention of accommodative tone during distance vision immediately following a sustained near task. Over time, the resultant pseudomyopic retinal defocus may exceed a critical level and trigger structural recalibration of the eye, i.e. axial elongation, inducing permanent myopia.
Previous studies of the availability of sympathetic inhibition of accommodation in the general population, and when grouping individuals according to refractive error, have been equivocal. Gilmartin and Winfield (1995) measured open-loop accommodative regression profiles in emmetropic and myopic subjects under selective and non-selective b-antagonistic conditions to identify individuals with sympathetic inhibition. The non-selective b-adrenoceptor antagonist timolol maleate was used to block both b 1 and b 2 receptors. Since animal (Tö rnqvist, 1966 (Tö rnqvist, , 1967 and human (Gilmartin, 1998; Wax & Molinoff, 1987) studies have shown that the b 2 subclass of receptor is the principal mediator of sympathetic accommodative responses, blockade of these receptors should inhibit sympathetic accommodative control inputs in subjects with access to this system. The b 1 selective antagonist betaxolol hydrochloride was used as a control for timolol maleate. As betaxolol is selective for b 1 receptors, this agent should have no effect on the open-loop accommodative responses of subjects, regardless of their access to sympathetic facility. Differential effects of timolol maleate and betaxolol hydrochloride (i.e. retarded open-loop regression with timolol maleate compared to the response with betaxolol hydrochloride) therefore indicate the presence of an active sympathetic branch of accommodative control. Gilmartin and Winfield (1995) found that the proportion of subjects with access to sympathetic facility was similar in emmetropes (EMM), early-onset myopes (EOM) and late-onset myopes (LOM). It was thus concluded that development of LOM was not associated with sympathetic deficit.
Evidence has shown that closed-loop accommodative responses can also be modulated by both inhibition of the b-adrenergic system (Winn, Culhane, Gilmartin, & Strang, 2002) , and stimulation of the a-adrenergic system (Culhane, Winn, & Gilmartin, 1999) in young adult emmetropic subjects. In these studies, augmentation of sympathetic inhibition by topical instillation of phenylephrine hydrochloride and antagonism of sympathetic facility by timolol maleate (Winn et al., 2002) had maximal effect on the gain of dynamic accommodation responses with a temporal frequency of 0.3 Hz or less, supporting the slow response characteristics of sympathetic inhibition. Culhane and co-workers (1999b) demonstrated that augmentation of sympathetic inhibition increased the gain of closed-loop accommodation responses in young adult emmetropes. An increase in the response time of near-to-far closed-loop stepwise accommodation responses was seen in emmetropes following the instillation of timolol maleate (Winn et al., 2002) .
The aim of the current study is threefold: firstly to determine the proportion of individuals with access to sympathetic inhibition of accommodation in a young adult subject group; secondly to examine the variation in access to sympathetic facility between emmetropes, early-onset and late-onset myopes; finally to establish cross-correlation between access to sympathetic facility, and parameters of the oculomotor response. In this study we utilise the methodology employed by Gilmartin and Winfield (1995) , in a greater sample size and with improved instrumentation for the continuous recording of accommodation. We build on the work of Gilmartin et al. (2002) by inclusion of cross-correlation between refractive error, sympathetic facility and oculomotor function.
Materials and methods

Subjects
Fifty-eight young adult subjects were recruited from the undergraduate population at Aston University. The subject cohort consisted of 30 emmetropes (mean refractive error (MRE) >À0.50 D and < + 0.75 D, average MRE + 0.22 ± 0.31 D, mean age 22.1 ± 3.6 years), 14 early onset myopes (MRE <À0.50 D, average MRE À3.53 ± 1.42 D, mean age 23.7 ± 3.7 years, myopia onset prior to 15 year of age) and 14 late onset myopes (MRE <À0.50 D, average MRE À1.12 ± 1.02 D, mean age 21.4 ± 1.5 years, myopia onset after 15 years of age). All subjects were free from ocular and respiratory abnormalities. Informed written consent was obtained from all subjects in accordance with the regulations of the University Human Sciences Ethical Committee. All methods used in the study adhered to the Declaration of Helsinki for research involving human subjects. Subjects using, or with a history of use of, topical or systemic b-antagonistic medicines were excluded from the study.
Refractive error measurement
Refractive error of all subjects was measured using a Shin-Nippon SRW-5000 autorefractor in static mode ). Subjects were instructed to observe a 90% contrast Maltese cross target placed 6 m from the autorefractor. The absolute size of the Maltese cross was 150 mm high by 150 mm wide, giving an angular subtense at the eye of 1.4°. Baseline tonic accommodative level was determined by Shin-Nippon SRW-5000 autorefraction following 1 min of passive observation of a 0.2 cycles per degree Difference of Gaussian (DoG) target (Kotulak & Schor, 1987) .
Autonomic profiling of ciliary muscle innervation
Autonomic profiling of ciliary smooth muscle innervation was carried out to identify subjects exhibiting sympathetic inhibitory control of accommodation. Myopic subjects were corrected using a 1-Day Acuvue (Johnson and Johnson, Jacksonville, USA) disposable soft contact lens fitted to the right eye. The subject sat in total darkness for 5 min prior to the profiling procedure to dissipate the effects of previous near-vision activities (Krumholz, Fox, & Ciuffreda, 1986) .
Accommodative responses to closed-loop and subsequent open-loop visual stimulation were then recorded continuously using a modified Shin-Nippon SRW-5000 open-view infrared optometer at a sampling rate of 42 Hz ). Closed-loop tasks consisted of passive monocular observation of a 90% contrast Maltese cross target viewed via a +5 D Badal optometer. Badal optics were utilized to ensure constant luminance and size of the target with varying target vergence (Atchison, Bradley, Thibos, & Smith, 1995) . Target position within the Badal optometer was adjusted according to the formula Q = ÀF 2 x, where Q equals ocular vergence, F equals Badal lens power (dioptres), and x equals displacement (metres) of the target from the first principal focus of the Badal lens (Atchison et al., 1995) , to vary the stimulus to accommodation. Absolute size of the Maltese cross target was 20 mm high by 20 mm wide, giving an angular subtense of 5.7°at the subjectÕs eye when imaged through the Badal optics. Luminance of the Maltese cross target was 30 cd/m 2 as measured with a Minolta LS-100 spot photometer (Konica Minolta, Tokyo, Japan). The observation task was carried out at low (0 D; 20 cm from the rear vertex of the Badal lens) or high (3 D above baseline tonic accommodation level) accommodative demand, and for short (10 s) or long (3 min) durations, i.e. in total four closed-loop tasks. The order of closed-loop tasks was randomised. Subsequent open-loop conditions were imposed after each closed-loop task by observation of a 0.2 cycles per degree Difference of Gaussian (Kotulak & Schor, 1987) target positioned at the principal focus of the Badal optometer. Open-loop responses were recorded for 1 min following cessation of the closed-loop task. Maltese cross and difference of Gaussian targets were mounted on an electro-mechanical X-Y plotter enabling target changeover to occur in approximately 100 ms.
The X-Y plotter control signals were linked to the continuous recording optometer computer to enable real time synchronization of accommodation and target changeover signals.
The above experimental protocol was carried out under three topical pharmacological treatments: one drop of 0.9% saline (Minims Ò Chauvin Pharmaceuticals, Romford, Essex, UK); one drop of 0.5% timolol maleate (non-selective b-adrenoceptor antagonist, Alcon Laboratories, Fort Worth, Texas, USA); two drops (Stewart, Kimbrough, & Ward, 1986 ) of 0.5% betaxolol hydrochloride (b 1 -adrenoceptor antagonist, Alcon Laboratories). Saline was employed as a pharmacologically inert placebo control condition. Betaxolol hydrochloride was used as a control for the ocular hypotensive effect of timolol maleate, and to enable partitioning of the b 2 activity from b 1 activity at ciliary smooth muscle. The order of pharmacological treatments was randomised. Pharmacological agents were instilled following the administration of one drop of the topical corneal anaesthetic proxymetacaine hydrochloride Minims Ò (0.5%) to control reflex blinking and lacrimation. A washout period of at least three days was allowed between pharmacological treatments to prevent contamination of a trial due to the sustained action of a previously administered agent.
Measurement of oculomotor function
A battery of tests were applied to measure aspects of oculomotor function in all subjects. Accommodative convergence to accommodation (AC/A) ratio was measured in all subjects by the gradient method using a series of negative spherical lenses to stimulate accommodation whilst measuring heterophoria with a Maddox wing test. Monocular measurements of amplitude of accommodation were carried out using an RAF rule and the push-up technique. Monocular lag of accommodation was assessed by measuring the accommodative response to a 3 D near target with the Shin-Nippon SRW-5000 autorefractor in static mode. The difference between the static baseline distance residual refractive error and the accommodative response to the near target was subtracted from the accommodative stimulus (3 D) to calculate monocular lag of accommodation. Distance and near heterophoria was measured by Maddox rod and Maddox wing methods respectively. Tonic accommodation was calculated by subtracting the baseline distance residual mean refractive error (measured by Shin-Nippon SRW-5000 autorefraction) from the mean refractive error in darkness. Subjects sat in total darkness for 5 min prior to measurement of dark room refractive error. Secondary estimation of tonic accommodation by SRW-5000 in static mode under dark room conditions served as a check test to confirm that the SRW-5000 system in continuous mode had successfully disrupted the accommodative feedback loop.
Analysis
Raw post-task open-loop accommodative response data was used to calculate a regression quotient for short and long duration closed-loop tasks, as shown in Fig. 1a and b . The formula %RQ = (y À x) · 100 was applied to calculate the regression quotient at 1-s intervals after opening the loop; x equals the difference in averaged closed-loop accommodation response to the final 4 s of the ÔdistanceÕ and ÔnearÕ tasks, and y equals the difference between 1-s averaged post-task open-loop responses . Thus, post-task openloop accommodation responses were represented as a percentage of the averaged closed loop response for each subject, therefore normalizing the open-loop accommodative response to a 0-100% scale. The regression quotient analysis grouped together two sets of regression data from two separate trials, with data being grouped according to pharmacological treatment and task duration, e.g. 0 and 3 D short duration tasks with timolol maleate treatment. The 12 regression plots (three drug states, two accommodation levels, two closed-loop task durations) for each subject were therefore compressed into six regression quotient plots: saline 10-s tasks, saline 3-min tasks; timolol maleate 10-s tasks, timolol maleate 3-min tasks; betaxolol hydrochloride 10-s tasks, betaxolol hydrochloride 3-min tasks. Fig. 1a and b shows an example calculation of regression quotient from the combination of 0 D and 3 D accommodative demand trials with sustained (3 min) accommodative demand under saline treatment.
Use of regression quotient analysis has a number of benefits: inherent variability of the accommodative response (e.g. accommodative microfluctuations) are effectively cancelled out; noise in the continuous recording system is cancelled out; calibration errors between trials are nulled; one factor (accommodative demand) is removed from statistical testing. Regression quotients were expressed as a percentage, with 100% indicating no regression of open-loop accommodation to the pretask baseline tonic level, and 0% indicating complete regression to the pre-task tonic level.
A three-factor repeated measures ANOVA (drug: saline, timilol maleate, betaxolol hydrochloride; task duration: 10 s, 3 min; time: time in seconds post-task) was used to analyse the regression quotient data to identify subjects showing delayed post-task accommodative regression following a sustained closed-loop task under b 2 -adrenoceptor blockade. In subjects showing significant (i.e. p < 0.05) interaction of open-loop accommodative adaptation following a sustained near task and pretreatment with timolol maleate, it was deduced that these individuals had access to sympathetic inhibition of accommodation. Subjects failing to demonstrate significant open-loop accommodative adaptation following b 2 -adrenoceptor blockade and sustained near vision were deemed to be deficient in sympathetic inhibitory facility. A chi-squared test was applied to the number of subjects with and without access to sympathetic facility in each of the three refractive groupings (EMMs, EOMs and LOMs) to determine the significance of the distribution.
Additionally, an exponential decay function was fitted to accommodative regression data following high accommodative demand trials of 10 s and 3 min duration under all three pharmacological states. A time constant (i.e. time taken for the accommodative response to decay 63.2% from the maximal closed-loop within-task level) was determined for each trial, and correlation was made with spherical equivalent refractive error.
Results
Autonomic profiling of ciliary muscle innervation
Continuous recordings of accommodation responses were stored and filtered within Microsoft Excel to remove subject blinks and fixation losses. Blinks and fixation losses were signalled by a 65 D negative spike in the accommodation response trace; these values were replaced by an average of the immediately preceding and subsequent valid accommodation response values. If blinks and fixation losses formed more than 5% of the total post-task open-loop regression phase of the accommodation trace the data was disregarded and a new trace recorded. Accommodative regression data were converted into regression quotient format for all subjects. Fig. 2a and b shows regression quotient plots for a subject with sympathetic facility, and a subject with sympathetic deficit. Open-loop regression plots under saline control conditions following a 10 s and a 3 min closed-loop task are shown in Fig. 2c . Table 1 shows the relative distribution of access to sympathetic facility according to refractive group, and overall access to sympathetic facility for the whole subject cohort. Chi-squared test showed that the distribution of timolol responders and non-responders was not significantly different between the three refractive groups (v 2 = 0.21, P = 0.90). Figs. 3 and 4 show group averaged open-loop accommodative regression profiles for all subjects with access to sympathetic inhibition of accommodation (Fig. 3 ) and all subjects with deficient sympathetic facility (Fig. 4) . Mean open-loop accommodative regression time constants for subjects with access to sympathetic facility, and subjects with sympathetic deficit, are shown in Table 2. Mean ( ± 1 standard deviation) time constants (seconds) are given following short (10 s) and long (3 min) closed-loop tasks under timolol maleate and betaxolol hydrochloride treatments. Open-loop regression time constants were generally greater in subjects without access to sympathetic facility; the difference in time constant was statistically significant following the 10 s timolol trial (F = 7.00, P = 0.011), and the 3 min betaxolol trial (F = 10.34, P = 0.002). Following the 3 min timolol trial, time constants of accommodative regression to baseline tonic level were extended in subjects with access to sympathetic facility (F = 45.03, P = 0.000).
The effect of task duration and pharmacological intervention on the open-loop accommodative time constant was plotted against spherical equivalent refraction (SER). Table 2 Mean open-loop accommodative regression time constants for subjects with access to sympathetic facility, and subjects with sympathetic deficit Sympathetic facility Timolol-10 s task Timolol-3 min task Betaxolol-10 s task Betaxolol-3 min task Present 3.37 ± 2.14 13.17 ± 2.33 3.90 ± 1.76 2.87 ± 1.19 Absent 6.62 ± 4.58 5.38 ± 4.26 6.17 ± 5.11 7.14 ± 5.07
Spherical equivalent refraction (DS) indicate delayed open-loop accommodative regression following non-selective b-blockade (timolol maleate) compared with selective b 1 blockade (betaxolol hydrochloride). Again, no statistically significant correlation was found between time constant difference and SER (y = 0.45x + 1.82, r 2 = 0.01, P > 0.10). Table 3 shows the results for accommodative function tests. The results were organised into two groups: subjects with access to sympathetic inhibitory facility, and subjects without access to sympathetic facility; and additionally categorized by refractive error (EMMs, EOMs and LOMs) to examine interaction effects between sympathetic function and refractive group. A two factor ANOVA (factors: access to sympathetic facility; refractive error group) was applied to the data from oculomotor tests (AC/A ratio, amplitude of accommodation, lag of accommodation to a 3 D task, heterophoria at distance and near, and tonic accommodation in darkness). Access to sympathetic facility did not have a significant effect on oculomotor function (see Table 3 ). None of the interaction effects between access to sympathetic facility and refractive error group reached statistical significance. Baseline measurements of tonic accommodation by two different methods (darkness and difference of Gaussian target) produced similar estimates of resting accommodative state in all subjects.
Oculomotor function
Discussion
Continuous recording of post-task open-loop accommodation responses was used to identify subjects with access to sympathetic inhibitory control of ocular accommodation. Variation of pharmacological, accommodative and temporal factors were employed to differentiate between subjects with, and subjects without, sympathetic accommodative facility. Subjects were categorised according to refractive error and age of onset of refractive error; i.e. emmetropes, early onset myopes and late onset myopes. Subject groups were age matched. Additionally, a number of features of the oculomotor system were measured to assess the effect of sympathetic inhibitory facility on accommodation and vergence.
The Shin-Nippon SRW-5000 continuous recording system has given reliable measurements of accommodation in a large group of subjects. Pupil miosis during near vision trials did not cause significant signal loss. A concern with the system in continuous mode has been the visibility of the measurement ring. The measurement light source is largely infrared, but also has a significant output in the visible spectrum. This has potential to hold the accommodation response a closed-loop state and consequently make continuous measurements of tonic accommodation invalid. An adjunct to this study has shown that static mode measurements of tonic accommodation, where the measurement ring is illuminated for an insufficient time to stimulate accommodation, are not significantly different from continuous measurements of tonic accommodation, where the measurement ring is permanently illuminated. Therefore, the SRW-5000 system in continuous recording mode coupled with a difference of Gaussian target would appear to produce valid, high temporal resolution measurements of tonic accommodation in young adults.
We deduce from the data that 25-30% of young adult subjects have access to sympathetic inhibitory accommodative control, mediated by b 2 -adrenoceptors. The battery of experimental trials employed has tested the accommodative control system in all subjects to determine access to the inhibitory sympathetic control system. Three key features of the sympathetic branch of accommodative control were taken into account: mediation by b 2 -adrenoceptors, augmentation by concurrent parasympathetic activity and sustained accommodative demand. The experimental protocol was supported by the application of control conditions incorporating selective b 1 antagonism, low accommodative demand and short task duration. It is interesting to note that Schor and co-workers (Schor, Johnson, & Post, 1984) observed adaptation of open-loop accommodation responses in two-thirds of their subjects following a sustained, high demand accommodative task. It may be the case that these subjects were deficient in sympathetic inhibitory facility, thus leading to a temporary elevation of the tonic resting point following sustained parasympathetic activity. The time constant of accommodative response decay under open-loop conditions was seen to be generally greater in subjects with sympathetic deficit, compared with subjects with access to a sympathetic inhibitory facility. In our sample we have observed that the time constants of accommodative decay are similar to those noted by Schor and co-workers (1984) . We have also observed that the degree of accommodative adaptation induced by pharmacological intervention does not correlate significantly with spherical equivalent refraction, supporting the notion that sympathetic inhibition of accommodation is a general feature of the oculomotor system and is not related to refractive error.
The study has shown that absence of sympathetic facility has a significant effect on the function of the accommodative system under degraded visual stimulus conditions (i.e. open-loop difference of Gaussian conditions), but these effects are not evident with closed-loop visual stimuli. Our findings suggest that, under high contrast closed-loop conditions, the sympathetic branch of accommodative control fails to have a significant effect on manifest oculomotor responses. It may be the case that deficient sympathetic facility, the resultant accommodative hysteresis, and a degraded visual stimulus act in combination to increase the propensity for myopia onset and progression in young adults. Investigations of the effects of sympathetic blockade combined with visual stimulus degradation, e.g. reduced luminance, reduced contrast and degraded chromatic inputs, should now be carried out to determine the extent of this potential synergistic effect on myopia onset and progression in young adults. Modern illumination sources utilized in electronic devices and communication equipment, e.g. light emitting diodes, in some cases emit narrow bands of spectral wavelengths at extreme ends of the visible spectrum (Yang et al., 2000) . Animal work has shown shifts in accommodation responses and refractive status induced by exposure to monochromatic light sources (Seidemann & Schaeffel, 2002) . Reduced accommodation responses during near tasks have also been demonstrated in human eyes as a result of restriction of light source output spectrum (Aggarwala, Nowbotsing, & Kruger, 1995) , and therefore potential exists for myopigenesis in susceptible individuals. The potential synergistic role of degraded visual stimuli combined with deficient sympathetic facility should now be investigated.
It appears then that sympathetic inhibitory facility is a general feature of the accommodation control mechanism in young adults; approximately one third of young adult subjects having access to this additional accommodative control system. The findings of this work are therefore in agreement with the previous study by Gilmartin and Winfield (1995) , but here we demonstrate this feature in a larger sample of subjects, and additionally consider the effects of active sympathetic inputs to accommodative control on a number of oculomotor parameters under open-and closed-loop conditions. The lack of a significant difference in the percentage of subjects with access to sympathetic facility between EMMs, EOMs and LOMs suggests that a deficiency in sympathetic inhibitory accommodative control is not a stand-alone risk factor in early-or late-onset myopia.
Closed-loop accommodative and oculomotor functions were not influenced significantly by the presence of sympathetic inhibitory accommodative control. Group mean lag of accommodation at near was greater in subjects without access to sympathetic facility, but statistical significance was not reached. Tonic accommodation was similar in subjects with, and without sympathetic facility. It should be noted that tonic accommodation was measured following distance observation and a period of dark exposure to dissipate the effects of previous accommodative effort.
In this cross-sectional study we do not have access to data regarding the stability, or progression rate, of refractive error in the myopic subjects. Further work is suggested to assess the effect of sympathetic inhibitory accommodative control on the progression of myopia in juveniles and adult onset myopes. The correlation between access to sympathetic facility and rate of myopia progression may prove interesting. Further, it may be the case that efficacy of the sympathetic inhibitory branch of accommodative control is degraded during the progression of myopia. This may be a possible explanation for the degraded accuracy of static and dynamic accommodative responses observed in myopes Abbott et al., 1998) . A longitudinal study assessing the potency of the sympathetic system prior to, during, and following the cessation of myopia progression is therefore required.
